Supplementary Methods
Estimates of resolved normal stresses on natural mirror-like faults For mirror-like faults of the FL normal stress was estimated with the following assumptions: 1) no large-scale tilting during exhumation of the faults; 2) Andersonian stress field in a compressional regime (i.e. vertical stress σ v corresponds to minimum principal stress σ 3 ); 3) hydrostatic pore pressure (λ=0.4); 4) static friction coefficient of 0.6; 5) no cohesion on the faults. Given these simplifications a range of normal stresses (30-50 MPa) was determined at 1.2 km depth by solving the condition for frictional sliding on reverse faults (Sibson, 1974) with dip angles in the range 30°-70°.
Sample collection and gouge preparation for the experiments
Samples of pulverized dolostones were collected next to the mirror-like slip surfaces of the FL.
The samples were roughly disaggregated first by hand and then by hammer in order to obtain a gravel-like material (grain size < 1 cm). This material was then milled by hand in a mortar and pestle and sieved to produce an incohesive dolostone gouge with a starting grain size < 250 µm.
Rotary shear friction experiments in position-control mode with SHIVA Measured displacements across the mirror-like slip surfaces of the Foiana Line are relatively small (in the range 0.04 -0.5 m) and well constrained due to the presence of markers (i.e. 5 -15 cm thick horizons of marly dolostone) that are cross-cut by the slip surfaces. Friction experiments on dolostone gouges were performed with a rotary shear apparatus (SHIVA, Slow to HIgh Velocity Apparatus; see Di Toro et al., 2010) installed at the Istituto Nazionale di Geofisica e Vulcanologia (INGV) in Rome. Experiments were run in "position-control mode" allowing total displacements to be precisely controlled in the range estimated for the natural slip surfaces.
Control of the total displacement meant that for several small displacement experiments (e.g. s526 with a displacement of 0.07 m, Fig. S2 ) the target slip velocity was not reached before deceleration commenced. Before each experiment 5 g of dolostone gouge was homogeneously distributed in the gouge holder between the two confinement rings (for details of the gouge holder and calibration tests see Smith et al., 2013) and loaded up to 1.6 MPa using an air press. The gouge holder was then assembled and installed in SHIVA.
Each experiment consisted of three steps: 1) loading of the sample (gouge layer) to the target normal stress; 2) deformation of the sample under the conditions summarized in Table S1; 3) unloading and recovery of the deformed sample for further analytical work.
Recovery of experimental samples and measurements of mirror-like surfaces
After each experiment the sample holder was placed on the worktop with the stationary side to the top. The stationary side of the gouge holder was then carefully removed. We typically observed that the deformed gouge was compact and systematically parted along a main slip surface close to the boundary between the gouge layer and the stationary side of the gouge holder. This allowed us to recover the entire gouge layer from the rotary side of the gouge holder as well as the main slip surface.
Photographs of the experimental slip surfaces were taken using a high-resolution digital camera under the light of a table lamp to highlight the parts of the slip surfaces with a mirror-like finish.
The mirror-like parts were traced on the high-resolution digital images and the area percentage of the total slip surface with a mirror-like finish was calculated using Image J software (http://rsbweb.nih.gov/ij/).
Measurements of slip surface roughness by White Light Interferometry (WLI)
We measured the roughness of both natural and experimental slip surfaces by WLI (Zygo NewView) with the aim of quantifying and comparing the surface roughness characteristics at different slip velocities. Digital Elevation Models (DEM) acquired with this instrument allowed us to estimate slip surface roughness with vertical resolution of ~ 0.1 nm for length scales of 0.2 -250 µm. One way to fully characterize micro-roughness at all scales accessible to WLI is to compute the root mean square correlations of thousands of individual, parallel profiles extracted from the DEMs. The root mean square correlation method (Candela et al., 2009 ) was used to compute the root mean square amplitude roughness (RMS) for length scale L in the direction parallel to slip. Each individual profile extracted from the surfaces was divided into windows of width δx. The window size was varied between the sampling distance to the size of the profile, and for a given δx, the standard deviation of the height difference was calculated and then averaged over all the possible bands of fixed width δx spanning the profile. The results obtained for each individual profile were then averaged to obtain a mean estimate of the RMS of the surfaces for every length scale L (i.e. window sizes). In addition to the RMS method we also performed a Fourier power spectral analysis on the same slip surfaces. For each surface, thousands of profiles were extracted both parallel and perpendicular to the slip direction. The Fourier spectra for each individual profile were calculated and then averaged to obtain a representative mean Fourier spectrum (Candela et al., 2012) . Each mean power spectrum in Figure S3 corresponds to the results obtained for one individual DEM. Fig. S3 shows that the Fourier power spectra have the same trend as the RMS curves in Fig. 4A . Both analysis methods signify that the slip surfaces become smoother at higher slip velocity (i.e. both the power spectra ( Fig. S3 ) and the RMS curves ( Fig. 4A ) are at a lower vertical position in the plots).
Rayleigh roughness criterion
A surface tends to become reflective like a mirror when its RMS roughness obeys the Rayleigh roughness criterion (Beckmann and Spizzichino, 1963): where θ is the angle of incident light (measured relative to the surface normal), and λ is the wavelength of visible light (in our case λ = 550 nm). Hence if a surface is observed at 0° < θ < 70°, under visible light (λ = 550 nm) and appears mirror-like, this indicates that the RMS of the surface is smaller than 100 nm (Beckmann and Spizzichino, 1963; Siman-Tov et al., 2013) .
Description of XRPD analyses performed on gouge layers
The mineralogy of both the undeformed starting material and the deformed gouges was determined by X-ray powder diffraction analyses (XRPD) in the Department of Geosciences at the University of Padova. For each deformed gouge two separate XRPD analyses were performed: one analysis was performed on bulk gouge collected after the experiment, and a second analysis was performed on gouge scraped from the slip surfaces using a sharp razor blade. We estimate that the scraped material was derived from a layer no thicker than ~50 µm adjacent to the slip surface. The mineralogy of some natural mirror-like slip surfaces was determined in the same way. XRPD data were obtained by step scanning using an automated diffractometer system (Philips X'Change) with incident-and diffracted-beam soller slit (0.04 rad.). The instrument was equipped with a curved graphite diffracted-beam monochromator and a gas proportional detector. Divergence and antiscatter slits of 1/2° were used so that the irradiated area could be confined to the sample at angles >10 °2θ. A receiving slit of 0.2 mm was used. A long fine focus Cu X-ray tube was operated at 40 kV and 30 mA. Diffraction pattern was obtained using a step interval of 0.02 °2θ with a counting time of 15 s. The scan was performed over the range 3-70 °2θ. The program High Score Plus (PANalytical) was used for phase identification and Rietveld refinement (Rietveld, 1967) .
XRPD analyses show that the starting material is composed of 100% dolomite. Dolostone gouges deformed at intermediate to seismic slip velocities (≥ 0.1 m/s) contain up to 12.5 wt% Mg-calcite and up to 4.0 wt% periclase (Fig. S4) , both of which are typical products of dolomite decarbonation. Mg-calcite and periclase were detected only in the gouges scraped from the mirror-like slip surfaces and not in the samples of bulk gouge. Gouges deformed at sub-seismic slip velocities ≤ 0.001 m/s contain only dolomite both in the bulk gouge and in the gouge scraped from the slip surfaces (Table S2 ). Gouges scraped from the natural mirror-like slip surfaces consisted of 100% dolomite (i.e. no decarbonation products such as periclase or Mg-calcite were detected). (Fig. S5) .
The chemical analysis indicates that the patch of nanoparticles (light grey material in Fig. S5 ) is relatively enriched in Ca (25.4 wt%) and Mg (13.2 wt%) and depleted in O (43.8 wt%) with respect to the surrounding dolomite gouge (grey in Fig. S5 ; Ca = 19.0 wt%, Mg = 11.5 wt%, O = 51.5 wt%). The average chemical composition of the patch suggests that it is mainly composed of Mg-calcite and periclase, consistent with the results of XRPD analysis indicating that both of these materials are present along the experimental mirror-like surfaces.
Estimates of temperature increase within experimental slip zones Experiments described in our study demonstrate that the development of mirror-like slip surfaces in dolostone gouge is related to the maximum frictional power density instantaneously dissipated in the samples. Values of maximum frictional power density for the experiments where mirrorlike slip surfaces were produced are listed in Table S3 .
Assuming that all slip in the experiments was accommodated along a main slip surface (a reasonable approximation once localization is achieved after less than a few centimeters of slip), we used the 1D heat diffusion equation of Carslaw and Jaeger (1959) (solved numerically as equation A1 in Nielsen et al., 2008) to calculate maximum bulk temperature increase along the slip surface. The equation takes the form:
where T is temperature, t is time, ρ is the rock density, C p is the thermal capacity, is the thermal diffusivity, v is the slip velocity and τ is the shear stress. We used the following values for dolomite (at T = 300 K) : ρ = 2900 kg/m 3 , C p = 858 J/kgK, k = 1.9 10 -6 m 2 /s.
The calculation was done for two experiments run at seismic slip velocity of ~ 1 m/s, normal stress of 17.3 MPa and increasing sliding displacement: ~ 0.1 m for experiment s432, ~ 1 m for experiment s435 (see Fig. S6 ). We also estimated the thickness of the gouge layer affected by heat diffusing away from the slip surface by using a simplified solution for heat wave propagation in one dimension:
√
Here z is the thickness of the thermally perturbed layer and t d is the duration of the experiment.
Values of the thickness of the thermally perturbed slip zone for each experiment are summarized in Table S3 .
Figure S1 Table S1 ). (B) Shear stress (red curve) and calculated temperature evolution (blue curve) during experiment s435 (slip rate = 1.13 m/s, normal stress = 17.3 MPa, slip ~ 1 m, see Table S1 ). It is likely that above 550 °C the calculated temperature is higher than the real temperature due to the activation of dolomite decarbonation reactions which represent efficient heat sinks. To highlight this point the temperature evolution above 550 °C (in the field of dolomite decarbonation) is represented with a thinner blue curve. 
